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ABSTRACT 

this information bulletin examines research and 
practice issues considered critical in resolving the crisis in 
science education. Analyses are presented of (1) the current reform 
movement in science education, (2) the changing culture of science, 
(3) science education research, (4) the rise of the cognitive 
sciences, (5) science teachers and research, and (6) the issues of 
science education research. Hurd suggested that a new vision of 
science education must be developed, implemented, and validated in 
ways that will be in harmony with the current status of society. A 
listing of the major issues in science education and explanations of 
their impact are also included. (ML) 
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• _ This Information bulletin contains 
<^ the text of the NARST/NSTA lecture 
presented as a part of the 34th national 
convention of the National Science 
Teachers Association, San Francisco, 
CA, March 27, 1986. The preparation of 
the lecture was supported by the Ford 
Foundation and the ERIC Clearing- 
house for Science, Mathematics and 
Environmental Education. The Ideas ex- 
pressed In the lecture are those of the 
author and do not necessarily reflect 
those of the supporting agencies. 

The author of this lecture Is Paul 
DeHart Hurd. Di. Hurd Is a professor 
emeritus of Stanford University. 
Although he carries the emeritus title. 
Dr. Hurd is still very active In science 
education. He Is cun'ently a Fellow of 
the Stanford Northeast Asia-United 
States Forum on International Policy, a 
member of the National Committee on 
United States China Relations, and a 
consultant to the Board of Directors of 
the Biological Sciences Cun^lculum 
Study. 

One of Dr Hurd*s cun'ent research In- 
terests relates to the topic of the In- 
fluence of social factors and changing 
paradigms In science and technology 
on science education In the United 
States. He Is much Interested In policy 
analysis and research and, for many 
years, has been synthesizing condi- 
tions, philosophy, and research and 
then Identifying possible, and probable. 
Implications for society and science 
education. Dr. Hurd*s work In this area 
has been used by many people. In 
science education and In governmental 
decislon*maklng. 



Over the past two decades a massive 
transition has taken place In the char- 
acter of our society. Science and 
technology have been at the root of 
many of these changes. As a result our 
nation has been brought to a period of 
history unlike any other. This break with 
tradition has been described as a 
iltural mutation** (Kenneth Boulding); 
watershed** (Jonas SalkX a ''discon- 
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tinulty** (Peter Drucker), the birth of a 
"post-Industrial society** (Daniel Bell), a 
new "Information age** (John Nalsbitt), 
a *1hlrd wave** (Alvin Toff ler), and a time 
"between two ages** (Zblgnlew Brzezln- 
skl). A central theme expressed by 
these and other writers Is that we will 
not resolve today*s social and Institu- 
tional stresses In traditional ways. 

Beginning as a trickle In the 1970s 
and reaching flood stage In the 1980s 
are reports critical of schooling In the 
United States. Their primary criticism Is 
that schooling is not responding to 
shifts In our culture and to the needs of 
young people. A majority of these 
studies stress the Importance of 
science and technology for understan- 
ding the modern worid, and at the same 
time criticize the present cun'Iculum as 
being historically bound and III suited 
for today*s worid. The criticism extends 
to the subject matter of the cun'Iculum, 
context of the courses, learning goals, 
and modes of Instruction. 

I have been asked to explore ways In 
which research In science education 
can serve teachers better and Improve 
student learning. To do this I think we 
should first examine the various forces 
and factors underiying the criticisms of 
science education that are expressed In 
national reports. Then we need to look 
at the culture of modem science and 
technology to Identify any changes In 
these systems and their Implications 
for a general education In the sciences. 
To complete our explorations we must 
look at the status and criticisms of 
research In science education In rela- 
tion to the over-all reform movement 
The theme that ties these explorations 
together Is this: What are the Issues In 
research and practice that need to be 
dealt with In order to lift science educa- 
tion out of the crisis It Is perceived to 
be In? 

The cun^tnt refomi movement In 
science education 

Before we try to deal with the Issues 
that besiege and malign science educa- 
tion we should examine the forces that 
are encouraging us to respond to new 



circumstances. A place to start Is with 
the one hundred or so national reports 
calling for educational reform In the 
United States. Most of these docu- 
ments have come from a wide variety of 
citizens who participated on national 
panels, committees, and commissions, 
or attended govemment hearings. A 
smaller numt}er of these documents 
have come from educators, such as 
Boyer, SIzer, Goodlad, LIpsltz, LIghtfoot 
and others who reported their observa- 
tions of school structures and prac- 
tices. I shall not comment on the char- 
acter and validity of these reports, but 
rather consider the thematic changes 
and Issues they project for a reconcep- 
tuallzatlon of science education. 

The recommendation made most fre- 
quently In the national reports Is that 
considerations of technology as a 
soclotechnlcal system be Incorporated 
Into the goals and cun'Iculum of school 
science. Several reasons for this pro- 
posed change are: 1) It represents more 
accurately how modern science and 
research are can'led on; 2) It bridges the 
gap that now exists bistween science, 
society, and human affairs; 3) It brings 
science closer to the lives of students 
for their understanding of our science/ 
technology driven economy; and 4) It 
provides a mechanism for developing 
the Intellectual strategies and knowl- 
edge essential for effective participa- 
tion In the technosclentlfic culture that 
Is modem America. 

Possibly the most overlooked 
reasons for the reform of science 
education are the factors related to the 
scientific enterprise Itself. Since the ad- 
vent of "big science** In the 1940s there 
has been a significant shift In the struc- 
ture and ethos of science. Science has 
become a part of our social system In 
which research Is as much a response 
to social need as It Is to theory. Ad- 
vances in science are increasingly 
dependent upon technological Innova- 
tions. The electron microscope opened 
the door for the development of molec- 
ular blologyi the cyclotron and linear 
accelator made atomic physics a real* 
Ityi and the laser provides a new dimen- 
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sion to modem chemistry. Before this 
year ends, information fed to earth by 
Voyager 2, and observations obtained 
from the new space teiescope and the 
four spacecrafts monitoring comet 
Halley will generate the next steps for- 
ward in astronomical research. The re* 
cent invention of the acoustic and the 
x*ray tunneling microscopes make it 
possible to study ceils at the atomic 
ievel. Each of these instrumental ad* 
vances makes It possible for scientists 
to ask new and more penetrating ques- 
tions of nature that were previously 
unanswerable because of the lack of 
appropriate technology. In all fields of 
research the computer plays an impor- 
tant role by organizing infonnation and 
enhancing observations. 

Technclogy as a part of the science 
curriculum increases opportunities for 
developing higher cognitive skills that 
are important in everyday life and 
essential for advancement in nearly all 
vocations today. Some of these skills 
are decision making by individuals and 
in group situations, using ratiorial pro- 
cedures to resolve human and social 
problems, making infooned judgments 
and optimizing choices. Each of these 
processes in turn is influenced by the 
quality of the infonnation one has. ac- 
quired, whether it consists of isolated 
and inert facts or has a conceptual 
base. Herein lies one of the more im- 
portant issues of the reform move- 
ment-* how to make knowledge more 
active and productive in the lives of 
students. 

Another theme running through the 
national reports is the optimal utiliza- 
tion of knowledge. Economists for a 
decade or so have been writing about 
knowledge as a basic resource in the 
gross national product of the United 
States. It is frequently pointed out that 
the world has already entered an "infor- 
mation age." The capacity to generate 
and utilize scientific and technological 
knowledge is one measure of a 
country's competitive position in 
today's global economy. This is the 
reason nearly every developed nation in 
the world is currently refonnulating its 
science curricula. The competitive posi- 
tton of the individual in the U.S. work- 
force, as we have moved from a "blue 
collar" to a "white collar" labor markiet, 
rests heavily upon his or her ability to 
remember and nriake use of what has 
been learned. Our emphasis in teaching 
has always been on acquiring informa- 
tion rather than giving equal attention 
to ways in which knowledge can be of 
service to individuals. At long last, 
students may be getting an answer to 
their persistent question: "What good 
is ail this I'm learning going to be to 
me?" 

When knowledge derived from 
science and technology Is used In the 
Y^jtext of social and personal affairs, it 



brings assets and liabilitles and adds a 
value component to science teaching. 
What the impact is to be is largely 
determined by the choices we make for 
its use. These choices in turn rest upon 
convictions we hold about values, 
ethics, or sometimes morals. Events 
surrounding nuclear achievements, 
space exploration, robotics, genetic 
engineering, transplanting of human 
organs and in vitro fertilization are ex- 
amples. Whatever decisions are made, 
they will one way or another con- 
tribute to shaping the future of human 
societies and how as Individuals we live 
and work. 



The changing culture of science 

A gap has developed between the im- 
age of modem science and the way it is 
represented in school curricula. The 
traditional school subjects of biology, 
chemistry, physics and earth science 
no longer exist as distinct research dis- 
ciplines. These traditional disciplines 
have been fractured into nearly 70,000 
research fields that distinguish what an 
individual scientist is and does, and the 
joumals in which he publishes. In addi- 
tion to being fractured, traditional 
sciences have also been hybridized, giv- 
ing rise to new disciplines such as bio- 
chemistry, molecular biology, biophy- 
sics, geobiochemistry, and hundreds 
more. No longer can scientists or 
teachers encompass the field in which 
they were trained. 

The central issues for the reform of 
the school science curriculum are: 1) 
What is to be selected from the total of 
all that is known in science and 
technology for a 10-or 11-year core cur- 
riculum in science? 2) Should the 
search for new subject matter be in 
terms of integrative concepts or a 
sampling of infonnation from a number 
of distinct fields of research? and 3) 
How do we assure that a modern 
science curriculum has both scientific 
and cultural validity? 

Another dimension for the reformula- 
tion of science education is the effort 
to orient instructional goals and sub- 
ject matter toward the future. This does 
not imply a direct effort to teach a 
future. Rather It means we select con- 
cepts from the sciences and from tech- 
nology that are potentially useful for 
resolving persistent human problems In 
our society which require a knowledge 
of science or technology for a rational 
course of action. The list Is long and In- 
cludes such issues as optimal health 
and longevity, energy resources, en- 
vironmental pollution, food production, 
knowledge production, advancing our 
humanity, and many more. In all of 
these problems students are recogniz- 
ably a part of the problem as well as in- 
volved in framing solutions, which In 
tum will form the world of their future. 

3 



An intent of the reform movement is 
to move the leamlng of science from a 
passive to an active phase. The ultimate 
purpose Is to make it less possible to 
distinguish between school leamlng 
and life experience. This is the reason 
there is an appeal for a real-life problem 
oriented curriculum, where students 
will have an opportunity to use what 
they have leamed in science for prob- 
lem solving, making decisions, and 
planning actions. 

Ranking high on the agenda in the 
science reform movement is the need 
to teach students how to leam. There is 
little knowledge so basic and so stag- 
nant that it will not change in meaning 
during one's life time. Never has the 
flow of new knowledge in the sciences 
and technology been so great as it is 
now, and there is little likelihood we 
wiil enter a "dark age" in the next cou- 
ple of centuries. Continuous leamlng 
has become a fact of life for everyone 
who is not to be disengaged from our 
culture as a scientific and technologi- 
cal Illiterate. Whatever is taught in 
school must establish a base for team- 
ing more without formal instruction. To 
do this the process of teaching must 
provide a dimension in which students 
have an opportunity to learn on their 
own. 

N. 

Criticisms of science education research 

I have emphasized the general nature 
of the educational reform movement 
and the shifting of social forces in the 
United States because they harbor and 
define the science education research 
agenda for at least the rest of this cen- 
tury. Unless the research in science 
education is in someway related to the 
problems of teaching, learning, and cur- 
riculum criteria inherent in the reform 
movement, there is no way to justify its 
worthiness and no base for absorbing 
its findings. Though the elements of 
the reform movement are not yet fully 
sorted out, they nevertheless provide a 
first step toward building a conceptual 
coherence between research, practice, 
philosophical analysis and educational 
policy. 

The reform movement has brought 
forth much criticism of educational 
research -* not all of which is desen/ed. 
To stem this tide, researchers must 
first recognize that a change in the con- 
ceptual framework for science educa- 
tion serves to make obsolete a con- 
siderable fraction of previous research 
and at the same time strengthens the 
legitimacy of other studies. 

It Is well that we briefly examine 
what critics are saying about research 
In science education. Studies generally 
are viewed as too narrow in concept 
and flawed In method to deal realistic- 
ally with the complexities of human 
behavior. The physical science model, 
so widely used in educational research, 



with its emphasis on the experimental 
cx>ntroi of variables and statistical 
analysis has limited value for investi- 
gating issues raised by the reform 
movement. The whole idea of trying to 
pinpoint answers to questions that are 
raised in advance of a study produces 
results of tittle consequence. Better 
would be a model derived from ecology 
which recognizes complexities and 
assumes broad patterns of interactive 
behavior such as would be characteris- 
tic of a teacher and students In leaming 
situations. Critics also propose that 
educational researchers end their on- 
going debate about "quantitative" and 
"qualitative" interpretations of data. 
They argue that the debate Is no more 
productive than those on the nature- 
nurture issue. 

At a time when teachers are under 
pressure to be more effective in raising 
student achievement, they report little 
guidance of practical value from the 
research on instruction and leaming. 
Whatever value it may have is lost in an 
amorphous mass of piecemeal studies, 
uncoordinated and without generality. 
The lack of appropriate research for im- 
proving instruction, curriculum, and 
leaming leaves the reform movement 
badly undernourished. 

Politicians and the general public ex- 
press a disappointment with educa- 
tional research for its failure to 
enhance leaming. They point out that, 
when supporting research In medicine, 
they look forward to better health, and, 
in agriculture, to better crops. Why 
then, they ask, is it not reasonable to 
expect better leaming from educational 
research? 

Other critics think that research in 
science education suffers because of 
Its isolation from the social, behavioral, 
and policy sciences. As long as re- 
searchers isolate themselves from the 
rest of the world the results of their 
research leave everything the way It has 
always been. Critics further contend 
that this research has become divorced 
from its historical roots and Is detached 
from the conceptual Issues that form 
the mainstream of the cun^nt reform 
movement. It Is the conceptual frame- 
work that determines how we view the 
results of research and when the frame- 
work is reformulated, the past research 
findings gain or lose significance. To 
date, the existing research in science 
education has not been assembled, 
synthesized, and interpreted in ways 
which could influence either the direc- 
tion of the reform or future research. 

The rite of the cognitive sciences 

The science education reform of the 
19608 differs significantly from that of 
the 1980s*. The 1960s reform was 
guided by curriculum concerns and 
science courses were redesigned to 
O ssent more adequately the knowl- 
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edge "structure of particular discip- 
lines." The goal was to represent 
science as It was known to research 
scientists. The 1980s reform Is driven 
by a concern for the learner and how 
what is learned may contribute to effec- 
tive citizenship. The focus is on the op- 
timal use of knowledge for making 
reasoned judgments and fostering fur- 
ther leaming. 

Over the past several decades and 
more or less independent of the 
science education reform movement, a 
scattering of researchers known as 
cognitive scientists have emerged. 
These scientists represent a new point- 
of-view In thinking about research on 
teaching and leaming. Researchers in 
cognitive science assume that students 
are in control of leaming and that 
research should be concerned with how 
students acquire information, in what 
form It exists, and how they interpret 
knowledge and use it to analyze prob- 
lems. Cognitive scientists view the cur- 
riculum and textbooks functionally. 
They also recognize a relationship be- 
tween the quality of leaming arid the 
perforrriance of the teacher. Therefore, 
their research models extend beyond 
the traditional boundaries of learner, 
cun'iculum, and teacher, viewing these 
variables as part of an integrated 
system. 

Cognitive scientists believe that 
research on leaming has in the past 
been too narrow to generate robust fin- 
dings with predictive value. They prefer 
educational studies concerned with the 
mutual influences of goals, policy, in- 
struction, leaming, and the culture of 
schools. To encompass these dimen- 
sions entails an interdisciplinary per- 
spective drawing upon the research 
from the social sciences, cultural an- 
thropology, linguistics and the diverse 
fields of psychology. Furthermore, 
since science and technology represent 
special ways of knowing, researchers In 
science education should not Ignore 
the image and ethos of modem science 
and technology as portrayed by schol- 
ars In the sociology, philosophy, and 
history of science and technology. Cog- 
nitive researchers believe that It is 
possible to develop practical strategies 
for teachers to use for achieving a 
higher order of leaming, developing 
skills to improve retention, and enhanc- 
ing understanding. Their hope Is to 
close the gap between theory and prac- 
tlce in science education. Their 
research plan is an engineering model 
In which leaming and Instructional prob- 
lems can be laid out In ways that are 
amenable to solution. The cognitive 
scientists have yet to develop an over- 
arching leaming theory. They currently 
work In terms of models and metaphors. 

Although the present science reform 
movement and the cognitive sciences 
, began to take shape In the late 1960s, 



the two developments were not at first 
directly related. The concem that 
brought them together was the ten- 
dency of educational researchers to 
separate in their investigations the in- 
structional practices, expectations for 
leaming, and use of knowledge. Critics 
of educational studies were of the opin- 
ion that an adequate paradigm for ex- 
ploring the interactions of instruction, 
knowledge, and leaming did not exist. 
They felt that science education 
research needed a "macro" perspective 
and a paradigm that could link the 
social, psychological, and science com- 
ponents of leaming and to do so in 
ternis of the individual. Cognitive scien- 
tists see the need for methods of 
research uniquely different from the 
kinds of studies that have dominated 
the research In science education for 
the past fifty years. A first step is seen 
as a fusion of the empirical with the 
normative and the quantitative with the 
qualitative in terms of practical prot>- 
lems as they relate to long-range educa* 
tional policies. 

The science teachers and research 

There is little reason to do research 
in science education unless there is a 
pay-off in the classroom. But this rarely 
happens. Teachers view most research 
findings as impractical, difficult to inter- 
pret and rarely possible to implement. 

The cognitive scientists believe it is 
imperative that teachers be made part- 
ners In research. They are equally ada- 
mant that the Interpretation of research 
data and its cognitive worth has roots in 
the experience and practice of good 
teachers. As partners, teachers provide 
insight, feedback, and experience 
needed to validate the cognitive worth 
of research findings. Unless research 
on instruction, cun'iculum, and learning 
Is tested In practical endeavors its fin- 
dings are cut off from verification and 
the study at best can only be regarded 
as an interesting exercise. Teachers 
should have opportunities to propose 
problems for research as well as partici- 
pate In the conduct of studies. Pre- and 
in-service teacher programs ought to 
stress how teachers can make the best 
use of research finding. In general, this 
means developing an awareness that 
research provides new options for Im- 
proving teaching and leaming. 

Teaching In the United States is not 
now regarded as a profession. There is 
little hope it will ever become one until 
we develop a commitment to research 
and find ways for using Its results to ad- 
vance our professional responsibilitios. 
Once we effect a system that will bridge 
research and practice, our professional 
status wilt be close at hand. 

Confrontino the issues in science 
education reeeareh 

My purpose to this point has been to 
show that science education Is in the 
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process of a reform. Old beliefs and 
practices in teaching and research are 
being challenged anew. The sources of 
these challenges are found in the 
changing character of our society, In 
the current images of science and 
technology, In new perspectives for 
science education, and in contempo- 
rary developments in the cognitive 
sciences, it has been my Intent to argue 
that there is little to be gained by at- 
tempts to relate traditional research 
findings to questionable practices in In- 
struction, curriculum, and learning. In 
this next section of the essay I will de- 
fine the major issues more specifically. 

1. Although there have been numerous 
restatements of science education 
goals in recent years, there has yet 
to emerge a coherent theory or con- 
ceptual f ranrYework for science edu* 
cation for which there is a consen- 
sus. Inciting this statement we have 
no over-arching perspective that In- 
dicates the l(lnds of variables that 
should make a difference in re- 
search and Identifies reasons why 
they are significant. 

Standards for the legitimacy of 
research He in its relevance to a 
conceptual base and to the real 
world of learners. Until the reluct- 
ance to consider normative, histori- 
cal and policy research in science 
education is overcome, there Is no 
way to bridge research and practice. 
Also there is no guide for establish- 
ing a coherent, systematic strategy 
for the improvement of research In 
science education. 

2. The largest fraction of tho research 
in science education Is a first, and 
usually the last, etfort of a novice. 
The complexity of modem cognitive 
research is such that we need com- 
mitted researchers with deep 
scholarship and experience to 
generate the new methodologies re- 
quired for dealing with cognitive 
problems. We should consider the 
development of research teams and 
centers of specialization to woric on 
specific problems. Whatever the 
organization, the staff should in* 
elude teachers and specialists from 
cognate fields of scholarship. 

3. To improve Inquiry and synthesize 
findings we must develop a tax- 
onomy of research terms and more 
precise descriptions of methodolo- 
gies. Lacldng these attributes we 
are not able to guide the Improve- 
ment of methodological design and 
effectively communicate findings. 
We have already experienced the 
limitations placed on meta-analysis 
resulting from the lack of a common 
language and poorly defined 
methodologies. 

4. We especially need a system for the 
transfer arid implementation of re- 

the classroom. 
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5. We need a yearbook written for 
teachers that is In ordinary language 
that will enable them to Interpret, 
use, and compare research findings. 
The volume should also illustrate 
ways In which teachers can directly 
participate In new research. Re- 
searchers in reporting their findings 
in journals should be required to in- 
clude an Interpretive summary that 
identifies their specific significance 
in real-life terms for teaching, learn- 
ing, or curriculum. 

6. To achieve the goals called for in 
the national studies will require that 
educational research be more prob- 
lem oriented and in terms of real-life 
rather than contrived conditions. 
Undoubtedly this will make educa- 
tional research more complex and 
difficult since real-world problems 
of teaching and learning tend to be 
multlcausal, multifaceted, and non- 
repiicable. New methodologies of 
research must be designed or bor- 
rowed from cognate disciplines. 
The new researcher In science 
education must understand both 
quantitative and qualitative ap- 
proaches to data interpretation and 
recognize that applied research has 
predictive value that extends 
beyond statlstlnai analysis. 

7. There Is value in coding research 
studies as to whether findings have 
been tested In teaching situations; 
have value for normative or policy 
setting criteria; or are simply infor- 
mative such as survey findings. The 
whole purpose of classificalion Is to 
create an awareness on the part of 
researchers regarding the practical 
value of their efforts and Its limita- 
tions. The hope is that research can 
become a more potent factor in 
educational improvement. 

8. in 1983*84 more than 700 pieces of 
state legislation were passed to 
presumably benefit education In the 
United States. In nearly all Instances 
the mandates were not supported 
by valid or relevant research. As a 
result, many of the actions have 
proved to be counter-productive, 
some harmful and a few beneficial. 
Our failure to respond to these man- 
dates on the basis of research find- 
ings means we are forfeiting our 
professional responsibilities and 
placing them In tho hands of legis- 
lative agencies. 

9. To advance education research we 
must have specialists trained in two 
or three fields who devote most of 
their time to the task. Ways are 
needed to cluster research studies 
in terms of critical themes that can 
provide an inner logic and a sense 
of unity to our efforts. It would be 
helpful if we had more team and 
inter-lnstltutional cooperative effort 
in carrying on research. 
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10. If 1 were to choose the one area of 
science education In the most need 
of serious research it would be 
curriculum, an issue the majority of 
the national reports on science 
failed to consider. Cognitive scien- 
tists are interested In how knowl- 
edge is acquired but they do not 
directly consider the curriculum or 
Its context. Science educators have 
been restating the goals of science 
teaching but have neglected to Iden- 
tify the supporting subject matter 
changes and the curriculum organi- 
zation essential for achieving the 
reformulated goals. The public has 
been active in blaming teachers for 
the decline in student Interest and 
achievement in the sciences over 
the past decade, but has failed to 
recognize that problems lie In a cur- 
riculum which students find lacks 
meaning and relevance, and has lit- 
tle value in life. Science textbooks, 
the curriculum fOi most teachers, 
have become little more than elab- 
orate, colorful, dictionariec. Stand- 
ard achievement tests stress vocab- 
ulary more than they assess the stu- 
dent's level of understanding, 
reasoning ability, and capacity to 
relate science to life and society. 
Currently the most crucial and most 
neglected issue in science educa- 
tion is a well structured curriculum 
that recognizes the new Instruc- 
tional goals, that is provocative for 
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the student, and which can be 
taught operationally. The researcher 
has the intriguing task of carrying 
on studies that consider jointly 
cognition, Instruction, and currlcu- 
lunn so that the quality of learning 
and achievement can be raised to 
new heights. 

Aflnal note 

My focus in this paper has been to in- 
dicate that the sphere of activity for 
science teachers and researchers has 
changed in significant ways. The roots 
of these changes ile in social and 
economic shifts, the new image of 
science and technology, public con* 
cems about the conceptual base for a 
general education In science, new 
perceptions of methodology In educa- 
tional research, and changing concepts 
of what It means to loam and Know. 
Each of these transitions mutually in- 
fluences ail others. We are at a period 
In history that is unique and the pres- 
sures on science education suggest 
that a new vision must be developed, 
implemented, and validated in ways 
that are In harmony with the way things 
are. To effect these changes rests upon 
developing a mutual respect and 
cooperation among scientists and 
educators, researchers and practi- 
tioners, and the public for the realities 
of schooling. 
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